Architectural, functional, and molecular responses to concentric and eccentric loading in human skeletal muscle by Franchi, Martino V. et al.
 
 
 
 
 
 
Título artículo / Títol article: 
 
 
 
Architectural, functional, and molecular responses to 
concentric and eccentric loading in human skeletal 
muscle 
 
 
Autores / Autors 
 
 
 
Martino V. Franchi, Philip J. Atherton, Neil D. 
Reeves, Martin Flück, John Williams, William K. 
Mitchell, Anna Selby, María Reyes Beltrán Valls, 
Marco Vincenzo Narici 
 
 
Revista: 
 
 
 
Acta Physiologica, v. 210, n. 3 (March 2014) 
 
Versión / Versió:  
 
Postprint de l’autor 
 
 
Cita bibliográfica / Cita 
bibliogràfica (ISO 690): 
 
 
 
FRANCHI, Martino V…[et al.].  Architectural, 
functional, and molecular responses to concentric and 
eccentric loading in human skeletal muscle. Acta 
Physiologica, v. 210, n. 3 (March 2014), pp. 642-654 
 
 
url Repositori UJI: 
 
 
 
http://repositori.uji.es/xmlui/handle/10234/123723 
 
A
cc
ep
te
d 
A
rt
ic
le
This article has been accepted for publication and undergone full peer review but has not been 
through the copyediting, typesetting, pagination and proofreading process which may lead to 
differences between this version and the Version of Record. Please cite this article as an 
'Accepted Article', doi: 10.1111/apha.12225 
This article is protected by copyright. All rights reserved. 
ǣͲ͹ǦǦʹͲͳ͵
ǣʹ͵ǦǦʹͲͳ͵
ǣʹ͹ǦǦʹͲͳ͵
ǣ͵ͲǦǦʹͲͳ͵
ǣ

 Architectural, functional, and molecular responses to 
concentric and eccentric loading in human skeletal muscle 
 
ͳǡʹǤ	ǡͳǤǡʹǤǡ͵	òǡ
ͳǡͳǤǡͳǡͳǤǦ
ͳǤ
 
Authors Affiliation 
 
1MRC-ARUK Centre of Excellence for Musculoskeletal Ageing Research, Division of 
Metabolic and Molecular Physiology, School of Graduate Entry Medicine and Health, 
University of Nottingham, Derby, UK
 
2Institute for Biomedical Research into Human Movement and Health, School of Healthcare 
Science, Manchester Metropolitan University, Manchester, UK 
 
3Department of Orthopaedics, University of Zurich, Balgrist University Hospital, Zurich, 
Switzerland 
 
Authors Contribution 
 
    ǣ    	Ǥ  
ǣ 	  Ǥ   ǣ 	  Ǥ 
ȀȀǣ	Ǥǣ	
A
cc
ep
te
d 
A
rt
ic
le
This article is protected by copyright. All rights reserved. 
	Ǥ
 
Running head: Ǥ
 
Corresponding author: 	

Ǧǡ

Ƭǡǡ
ǡǡʹʹ͵

ǦǣǤ̷ǤǤ

ǣΪͶͶǦȋͲȌͳ͵͵ʹ͹ʹͶ͸Ͳͳ
 
ABSTRACT 
 
Aim:   ǡ ǡ     
    ȋȌ   ȋȌ   ȋȌǤ 
Methods:    ͳͲ    ȋȌ  
ȋȌȋȌȋα͸ǡ͸ȌǤͳͶ
          
ȋȌ͵ͲǤ
Ǥȋ
ǡǢǡȌǤ
      ȋȀǦ    ȋȌ
Ȍ    ȋ	α/ǦͳǦ	Ȍ   
Ǥ
Resultsǣ̱ͳǤʹǡ
ȋΪͺΨΪ͸ΨȌȋΪͻΨ
ΪͳͳΨȌǤǡ
ȋΪͳʹǤΪͷΨȌȋΪ͵Ͳ
ǤΪͷΨȌǤ
A
cc
ep
te
d 
A
rt
ic
le
This article is protected by copyright. All rights reserved. 
ȋΪΪͺΨǤΪΪʹȌǦȋΪ͹
Ǥ  ΪͳͳΨȌǤ  ȋ͵ͺǡ ͳȀʹǡ ͻͲȌ   
ǡǦ͵ͲǤ 
Conclusionǣ
Ǥ

Key words:Ȁǡǡ
 
Introduction
      ȋȌ   ȋȌ
ȋǤͳͻ͸ͻǢƬͳͻ͸ͻȌǤǲǳǡ
         Ǧǡ
Ǥǡ
    ȋǦȌ   ȋǦȌ Ǥ
Ǧȋ	ǦȌǡ
           ȋ Ƭ ǡ
ͳͻͷͶǢƬǡʹͲͲͷǢƬǡͳͻͻͻȌǤǡ

ǤǡǦ 
ȋǤʹͲͲͻȌǢ
  Ǥǡ       
Ǧǡ
    Ǧ  ǤǤǡ     
        ȋ ͳͻ͵ͻȌǡ   
       Ǥ ǡ  

A
cc
ep
te
d 
A
rt
ic
le
This article is protected by copyright. All rights reserved. 
ǡ  	Ǧǡ
Ǥ

   ȋ  Ǥ ʹͲͲͻȌ     
ǡ
et al.ȋͳͻͻ͸ȌǤȋǤǡʹͲͲͻȌǡ
ǦǤ
    Ǥ  ͳͶǦ      
ȋǢȌ
   Ǥ      ȋȌ  
 ǡǤ	ǡ
ǡ
ǲǳ
Ǥ

Ǥ
  Ǥ Ǧ
ǤǤǤ
ǡ          
Ǥ           Ǥ
    ͳȀʹ  ȋ  Ǥ
ʹͲͳͳȌǡǤ
   Ǥ  ǡ
      Ǥ ȋ  Ǥ ʹͲͲͳȌ  
     ͳȀʹ  ͵ͺ     Ǥ 
A
cc
ep
te
d 
A
rt
ic
le
This article is protected by copyright. All rights reserved. 
Ǥ  Ǥ ȋƬ
ʹͲͲͳȌǡ 

  Ǥ	ǡ 
ȋǤʹͲͲ͹ȌacuteǤǡ
  Ǧ      
      Ǥ  Ǥ ǡ 
   ȋ Ȍ       
         Ǥ  ǡ 
Ǥ
ǡǤ
     ǡ    ǡ 

     Ǥ  Ǥ     
ȋǤȌǡ
ǡ
ǡ   ǣ   
Ǥ 
 
METHODS 
ͳʹȋʹͷ±͵ǡαͳͺʹ±ͺǤͷǡα͹ͳǤͻ±ͺǤͷǢά
Ȍ          ͳͲǦ 
Ǧ Ǥ       ǡ
 ȋ   Ȍ   ǣ 
 ȋǡ
α͸ǡʹͷ±͵Ȍ
ȋǡα͸ǡʹͷ±͵ȌǤ 
A
cc
ep
te
d 
A
rt
ic
le
This article is protected by copyright. All rights reserved. 
Ǧȋǡ
Ȍ
    ȋ
Ȍ    ȋ
Ȍ Ǥ     
        Ǧ ȋ	 ͳȌǣ   
ǡ  

ǡ        
   Ǥ 
  ǡ           
Ǥ
Ǧ
     Ǥ        
ǡ
   Ǥ
           ǣ  
 
̱ʹǡ̱͵
Ǥ
  ȋ̱ʹ  
 vs̱͵ 
Ȍ     
      
Ǥ        
ǡ ǡ   ͳͲǦ
Ǥ
Ǥ
ͺͲΨȋ
ȌͺͲΨȋ
ȌͳǡͶ
ͺͳͲǦǤ
ͳǦ
             ͺ  ͳͲ
   ȋ    Ȍ   ȋ
ȌǤǡ
 Ƭ  ȋͳͻͻͶȌǤ         
A
cc
ep
te
d 
A
rt
ic
le
This article is protected by copyright. All rights reserved. 

      Ǥ    
   ǡ         


Measurement of electromyographic (EMG) activity 



ǤȋͳͲȌ
ʹͲǦǦǤ
ǲǦǳǡ
ǲǳǡȋȌǤ
        ȋ̻Ȍ   
 ȋ     Ǧ   ǡ ǡ Ȍ
 ͷǡͲͲͲ Ǥ          
  ǡ     ȋ
ǡȌ
       Ǥ     
 
ȀʹͲͲͲ
Ȃ      ͳͲǦͷͲͲ Ǥ     ȋȌ 

ʹͲͲ
     Ǥ   ͳ ǡ 
 
           ͳ  
    ǣ       ʹͲͲ   
A
cc
ep
te
d 
A
rt
ic
le
This article is protected by copyright. All rights reserved. 
ǦǤ
 
Magnetic Resonance images (MRI) 
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Muscle (VL) Architecture 
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Acute behavioural and molecular responses to CON and ECC contraction  
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Statistical analysis 
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EMG of CON-ECC 1-RM, maximum lifting or lowering ability (1-RM) and training load  
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Load ratio is also showed and calculated as the ratio of pre and post ECC/CON training loads. 
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CON 1RM (Kg) ECC 1RM (Kg) Load ratio
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